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Bropan MexAyHapoAnaa KOHijiepeHAHn 

OpraHHaaAHK OPieAHacHUbix HaAHp 
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no npHMeHOHHK) aTOMHOii ancpH 
a MHpHbu A8aa« 


A/CONF/ 13 /t' 246 ; 
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He noAJieittNT or/iaiuoHitM ao oifiNUMa/ikHoro cooOiuetiMN lu KoMi{ie|)eHUHM 

^ Ar r'H e.. }yt g. a ^st c ' ✓fuoj /a^ 

/</ CK4 ^ 'C At. /V’d. A <■ f ^ 


OnPEJlEJIERHE 3 § 4 »EKTMBH 0 CTM OPrAilQB PEFY - 
JIHPQBAHHH B LIRJIMHJU^MWECKOM PEAKTOPE 


P.B.Cmhiotmh, B.r.CeMeHOB 


riociaHOBKa sajiaRM 

B npoueccax pasorpeBanMH aKTUDHOil soHti peaKTopa, OTpaB;ieHHa 
npo^tyKiauM jteaeHiia m BuropaHMa f^epHoro ropjowero npoMcxo;iMT Mswe- 
HCHHe peaKTHBHocTH cMCTeuH. UeAbB HacToauteR paooTu aBaaexca onpe;ie- 
aeHMe s^eKTHBHocm KOHewHoro MMcaa noraomajoniMX cTepsHeW, BDe^^en- 
Hux Mfi KOMneHcamm naweHeniifi peaKTUBHOciM b aKXHBHyD sony peaKxo- 
pa KOHeMHux pasMepoB. 

PaccMaipMBaeTca iwaMH^ipMRecKiifi peaxxop c BHeianMU pa;y!ycoM P 
M BHCOTOfl H ( B BeaHMHHaX P H H yRMTHBaeXCfl BKCTpanOAMpOBaH- 
Haa ^lodaBKa). AKTMBHaa soHa peaxTopa paccMaTpHBaexcH khk roMoreH- 
Haa cpe^ia, odaa^iaioiiiafl > I, c nsBeciHHMJi noraomajoiiiMMJd h 
aaBiiiMMii cBCiiCTBauH. B aKTMBHyio 30Hy BBo;iiiTca KOHeRHoe wMcao CN) 
UMAMHjipiiMecKMx noraoiuaiomiix cxepxHeli c pa;yiycaMM p- ; ( 1,2, 

); ;iaiiHa cxepKHefl paBHa Bucoxe aKXHBHOii 30 hu. llocae BBe;ie- 
HMa cTepsHeR peaKXop npe^tnoaaraexcfl KpHTimecKHM. MaieuaxHqeco 3a- 
;iaMa od 3(|)(peKXMBH0CXH cHcxeuu H3 KOHewHoro miCJia noraouiaioiiiMX ciep? 
Hefi CBo;mTCH K 3aJ^a^e na onpe^ieACHMe coOcxBeHHoro SHaveHMa. TaKMu 
cocJcTBeHHHM 3HaReHMeM Moxex dHTbKoo, p;^ M B saj^uwe Ha- 
xo^TCH laKoe codcTBeHHoe SHaweHMe paccMaTpHBaeMoro napaMexpa* ko- 
xopoe cooTBeicTByex KpaiimHocTi! cHCTeuH. CpaBHHBaa codciBeHHue 
3HaR6HHfi sa^awK npH HaAHUiiH cxepsHeR K des hhx, moeho onpa^a^HTb 

alxpeKTiiBHocxB cHcxeMH norAomasiHHX ciepsHeS. 

25 YEAR RE-REVIEW 





yilxiJCKTMiiiiouTb KUHi.MHoro MMc/in nor;iomu)oiimx 
CTepKHcW 11 o;iiiorpynnoBOM puccMOTpeiiMM 

llpe;ino;iaraeTcii, mto DupaxeHMe noTOKa neWipoHOB y^ioBJiaiBopiiex 
CTUUWOHUpHOUy ypUBiiOllMJO ;(M(|Xi)y 3 Mil. IloniomOlOmMli CTepXOHB CMMTQeTCfl 
"iiepiiUM”, T.e. HU iieKOiopok r/iyOMHe ox Biieujueli noBepxnocih sxepjKHrt 
noTOK neilTpoHOB oOpauiaexcfl b Ky;ib^\ 

Bupaxeuue noxoica HottxpcuoB yAOB;iexbopiiex ypaBHeHun 

.!i$+«®cp .0 /J/ 

ypaoHeuMe /I/ ^lonyoKaex paa^ie/ieHMe nepeMeHHUX. TaK xaK Ha;iMMiie 
cxepiKHeM He MeHflex pacnpeAejieHUfl HeMipoHOB no Bucoxe peaKXopa, rpa 
HHMHHe M KpaeBue yc;ioBMfl mojkho aanncuBaxL xo/ibko paAMa;ibHofi 
cocxaBJifiioineii noiOKa. B peaKXope KOKeMHHX pa3MepoB 

/ 2 / 


r;ie jul - xapaKxepwsyei pac^pe;^e;IeHMe noxoKa no pa^Mycy aKXMBHoH 
30HH, a ^36^^- no BMCoxe, npMMew 

jiJifl peaKTopa oontDiHX pasMepoB (koo-l«l) 



/ 3 / 


- niioiiia^^B MiirpauHH. 

B aKTHBHon 30 He, HweBiueii norjiomaioiiuie cxepxHM, b oomew cnynae 
MOXHO sanHcaib BHpaseHHe noiona HeiiipoHOB b npocipaHcTBe 
ueK.ny cTepscHflMH (no paAnycy) b BM;;e cynepnosnuMM ^Byx peifleimJi: 


(PC^) = %r + - 


Ecjim nornomaiomiili cxepKeHb He ABMexca "HepHUM”, lo noxoK Ha 
ero noBepxHOCXM npiipaBHHBaexcfl He Hy/uo, a sHaMeHUio noiOKa anyx- 
pu QTppyHfl. EciiH cxeDseHb^cepiiK”* xo Ha ero noBepxHocxn cxa- 
BHToa yoaoBKS: X" =‘- 4 - = AoaaHO Ouii HaseoiHO /I/ 

Ouf. I D“p 

9* Ift 
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TO CP pet - l|)yHKUMH, HD MMOiOmafl OCOOCHh JCTOM IlH B O^HOil TOMICe J 
O^Mepot- ipyHKUMll, MLieiOlliaH OCOdeHHOCTM B TOWKaX, OOOTBeTCTByiomilX 
nojloKeHUAM oceM nor;ioii(aioiiuix ciepsHeM. 

B UMJlMHAPMMeCKOii CMCTewe I^OOp^^MHflT C IiaMflAOM B UGHipe QKTMBllOil 


30He B oOmeM bto (|)yHKUiiii Cp H 0^^. Mojiciio aariMcaTB c rioMoinBio 


c;ie;;yioiiiHX BbipaxeHuH: 




n=-oo 




TO In ^ BecceM a -ro h m-ro nopa^tKa, nepBoro 

H BToporo po;ta cooTBeTCTBeHHO ; Jjif- paccwaipUBaeTCfl xax napaMeip, 
codcTBeHHoe sHaMeHne Koioporo oTHCKiiBaeTcfl b 3a;^a^e; 1 - pa^c- 

BeKTop TO'iKii HadATOHHfl (leKymafl lowKa) j - pawc-BeKiop ocm 
k -ro norAomaDUiero ciepacHA ; 0 m - KoopjiMHaTHue yrAU ( cm, 

pKC, I);A^ H - nOCTOAHHUe K03(|xj[)MUMeHTU, MH;^eKC k OTHO- 
CMTCA K k -My cTcpacHD; cyMMa no "K" pacnpocTpaHena na Bce nor- 
AOmaiDIllHe CTepXHM, MMCAO KOTOpHX paBHO -N . C nOMOIilBD TO»;ieCTBeH- 
HHX npeodpasoBaHHK moxho HOAynnTB BHpaseHiie noToxa ® xaK ^^yHK- 
UMD TOABKO ' 1 / H 0 HAH TOABKO j 'X - | M . IIpHMeHGHHe K 9TMM 
BMpaaceHMAM ycAOBHO, MTO Ha BHoiuHeM pawce annapaia ^ = R) noxoK 
odpauiaeicA b uyjih nesaBHCHMO ot snaMeHiifl yrAa 6 , a aaxeM ycAOBHF 
odpameHHA b uyjib noioxa Ha noBepxHOciH k -ro cTepKHH(l^-T,^|=p^^ 
HesaBHCHMO OT SHa^eHHA yrAa ^OAy^HM ypaBHeHHA ;tAA onpe;teAe- 


HHA K03$4>J^UMeHT0B k ^ li ?) 


SanMieM BMpaseHMe noTOxa xax (pyHKimio toabko % h © 


00 ‘ 


l(m+v)6 


n=-oo 


k rTi=-oo >J=-cx) 
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Oto BupaacGHMe no;iyyeiiQ c noMoinbio msdccthoM leopcMu c;i05KeHH« /2) 

CpyHKUMM BOCCU/UI, npHI/iOHOHUOM k (i)yHKmiHM 
Koop;tMHaTHux yr;iOD Vp,< m 0 , u npe;;no;io:KeiiHM, mto 

M Taic iCQK OHO Hoodxoj^MMO sariMCM yc;iODMH npM x “R , to iipt'A- 
nojioKeuMe, mto c5y^6T BwnojiHHTbcfi* 

K ypaBiieHMio /?/ npwweHMM ycjiOBMei CP(p,0)=O npM Jiiooou 3na- 
MeiiMM 0 . Tor.ua ypaBHeiiwe /?/ dy^iOT npe;tcTuD;ijiTb Miieiliiyio icoudw- 
HauMio (IjyHKUMfl c iiy/ioBOH npaooii Macxbio. h cMJiy ;iMHeiiHoii 

HeaaBMCMMOCTH CpyUKUHii c paOHUWM 3HaMeHMHMM n KOOtixpHUHeHT 


npM Kai^oM yr;iOBoJi rapMOHWKe 6 
cupyew HeKOTopyw rapMOHHKy a 


^ .HO/IKGH dUTb puBOH HyJIlO, CpMK- 
(frn-\)=rb} Tor^a no;iyMMM: 


w 

k tru-oo 




-0 . 


3a$MKCMpy6M Tenept nponsBOJibHO BbidpaHHuM B -tuK cTepHeHt vl sa- 
IlMllIOM BbipaSGHMe HOTOKB KBK $yHKaifIH) TOJIbKO M . B 

3T0M ciiyMae 


a=-co v=*co 


m=-Q) 


\ c . ^ L 




in=-co 


*>=-00 


3T0 BhipaSCGHMG laKKe nOJiyWOHO C nOMOl 4 bJO TOOpOMU CJIOSGHMfl^.H^'fl (pyHK“ 
BHii Beccejifl, npHi.ieHeHhHx k q)yHKUHHM C 

KOop.HHHaTiiLix yr;iOB m npH ycJiOBWM 

M K CbyHKUMBM 1 KOOp.ItHHaTHHX yrJIOB 0 M IJ^q . Bil- 

paKeKwe /9/ Heodxo;tMMO .am sanMCii ycAOB^ na noBepxHOCTH 6 -ro 
cTepsHS, nooTQuy orpaHHMOHHe dy;ieT BLinoAueHo. 

K ypaBKeHMio /9/ npiiMOHHM ycAObiie oOpameHMfl B HyAb noioKa 
HeMTpOKOB Ha nOBOpXHOOTH V “FO GXepSHHj ^ 

tag P - oqxjJGKTMBHfciiupaAiiyc cTepscHH c y^GTOM r;iydMHLi OKCTpanojifl- 


Approved For Release 2009/08/31 : CIA-RDP88-00904R0001 001 30041-2 




Approved For Release 2009/08/31 : CIA-RDP88-00904R000100130041-2 


UMM. TaK KQ KOK u B npe;;uA}uneM c;iyMae oto‘ yc;ioBMe sanmueTca kbk /m- 
HeMHafl KOMCJMHauHB $yHKUMM g c Hy;ieB 0 « iipaBoM wacTBi). B cmy 

/IHHfcMHOB HeSaDHCMMOCTM lJ)yiIK 4 Mil C paSHHMH SHUiieHHaMil n) 

K 09 (|x|)imMeHT npM Kasgtofl yr;i 0 B 0 fl rapMOHUKe G c;ie;iyeT no;ioaiiTL 

paBHUM Hy/ii), tooMpya HeKOTopyio rapMOHMKy >) (m/=\), b-N?), noaywHii! 

aS + b; Y, (^P,)4 

mS X,.V (P'V)! /JO/ 

k# B 


TaKMM oOpauoM 3a;iaMf4 csejiach k ypaBHeHMaw /8/ u /lO/. lioaaraa b 
/8/ rv«0, I, 2,...,aB /lO/ V =0,t.I,± 2 , , m orpaHMUH- 

BaBCL onpeAe;ieHHHM Ko;iMMecTBOM yjieuoB b pB;iax, Bxo;iflumx b ypaBHeHHH 
/ 8 / H /lO/, nojiywMM 0TH0CMTe;ibH0 Koa^xpmiieiiTOB 4 ^ ^ cucieuy 
ajireOpaMwecKMX MHermux o^tHopo^trax ypaBHeiiwa. SaflaBafl ^suepu peax- 
Topa H pasMepu m nojiOKeHHa ciepsHeK (i.e. sa^taBaa BeaimuHii P ^ 

1 ^ 


1 Pt -) ** ^ CBo;iMM Ba^tawy k onpe^^eaeHMD codcTBeHHO- 

^ ro sHa^ieHiia eOTCTBCHHoro HeMSBecTHoro napaueipa jjb . Jlaa cymecT- 
bi BOBaHua HexpuBnaatHoro poiuGhiia CHCTeMU anHefiHHX ojnHopo^Hux ypaBHG- 
HHfl HeoOXO^^HMO, -ITOdll 66 jceiepMHHaHT ( 5 hj paBGH HyaiD, T.e, 

Det(ja )-=0 W 

Pemaa ypaBHeHne /II/, rnpej^eaaeu codcTBeHHoe sHawenHe Jih ,coo3 
BeTCTBynmee KpHTimHOCTH cMCTejaK (nepBuJt noaoxHTeabHHfi KopaHB ypasHe- 
hhb), a no Hafi;teHHOMy JLP c noMomBB (popwya /2/ h /3/ HaxoAMM k^, 
KpuTimBCKoK cHCTeMH CO cTepxHaMJi, J[aa naxosweniia o^^gkimehoctii cxGpa 
Hefi HyxHO cpaBHHXb sHa^GHBc jU/ (nan 1 <qq ) go BHanoHiiGM pj (nan 

^ qO )f COOIBGICIByi)Il{HM aKXHBHOS 30 H 6 ( 3 G 3 CTGpSHGfii. iX' UQXO^JiTCH 
H3 ycaoBMa; 

/i2/ 

Cae;u/GX saiieiiiTE, mo ypaBHGHMa / 8 / h /IC/ noaywGHH c y^GXOM 
yrJIOBOH 3aBHCMl40CTiI nOTOKa OX KOOpj^MHaTHblX yraOB GG3 KaKHX du TO HI! 

dujio npG^oao2CGHii0 0 BsaHBHOM pacnoaoseHim cxGpsHGfi, 3xo nosBoaaex 
paccMaxpMBaxb sa^iaMy od o^j^gkimbhocxi! ciepsHGli c doainiHM pa,2iHycoii, 
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lie odjuMHux orpaHHueiiiijfl o MOiiociM pa^iiyca cTepmeK no cpasHe- 

HMD c paCCTOaHMOM HMMM. 

SOMeTMM TOKie, HTO M3 J^CitCTBMTe/ItHOCTM BtipaKeHMfl HOTOKa QPc^) 
ojiCiiyeT SQBHCHMOcxi. Mew ico3cp(])imMeHTaMM c no;ioacMTe;ii)HUMM m oipH- 
BaxejibHLiMM MH^toKcauM: 

B4,=C-ir 

r;ie X - osHaMaex KOMnjjeKCHyD conpaKeHHOciB, 

0;iyqali N o^MHaKOBUX norjiomaDinHx cxepacHeii, 

CMMMeXpMMHO pacno;i02£eHHMX OIHOCMXeJILHO OCH 
aKIHBHOli 30HH 

Ilpc^lcTaBJiaeT HHxepec paccMOxpexi) N OOTaicoBux ciepxHefi, pac- 
nCVIOAOiiHUX CMMMeXpM^iHO BOKpyr OCM aKTMBHOJi 30HH (pMC. 2). npH 
3'toMi;oe = , floe p^ = p ; = . 

Toto ypaBHeuMfl /8/ h /IO/ ripHMyi bm;i: 

QO 

m=-cx) 




n=- 0^ 


tlHV 




tTl=-c» ' “ " 

M3 nepHo^umHOcTM noTOKa no yrjiy 0 c nepMo; 2 , 0 M 2%/H h 
M3 MHBapMaHTHOCTH SanHCH ypaBHeHMS /I4/ H /I5/ OTHOCHXeJlLHO BHdO- 
pa (pMKCMpoBaHKoro B -ro cxepsiHfl, xaK KaK see cTepacHii o^^MHaKOBH 
s MosHoyno^y MM TL, mo Bce HH;teK- 

Ec;ih Ha^ajio oxc^exa yriroB npoxo^tHfTqep oct KaKoro-;iHdo 
ciepKHa, Id" ypaBHei®/^ dy,Syf^;;eJ!cTBHTeaBHUMM, Ilpa 3iou 
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^teJ!cTBMTe;ii»ubiuM c5y;(yT m K03(Ixl)MUiieHTti , noQTOwy M3 

ycjioBMH /I3/ cJie;tyeT, mto 

'-'-rn ^ f 


>s-' 


Kpowe Toro b ypaBHeHMK /I4/ ^,9 
Tor;ta ypaBHeHMfl /I4/ m /I5/ npiauyT BM;t: 


= M , 




m^-oo 


Nm Nn 


NCu-m) 


S &NvX./AP) + 


nt=-a) 

00 


NV N>) 




+ S&N„C-i) ^,(AA-t^^)eobN(m,-^)4 = 0, /iV 


W HHACKCU Tu, ITi H npoderaioT Bce ue/me aHaneHMa ot -co ;^o 
+ 00. 

SaweiMM, qio ecaw npenedpeMB yraoBoiJ saBMCMMOciBio noioKa bok- 
pyr nor/iomaioiiiHX ciepsHeM, to daji,aHa ynpocTMTca. IlpapaBHiiB b 3tom 
cjiy^ae nyai) j^eiepuMHaHT cMCTewH ypaBHOHMli /I7/ h /I8/, noayMWM; 


3o(^R) 

0 


0 

L(A)R) 








VFP)1 (,(F\') ^VP'P^^n^F'So)-- . 


PaaaoMB 9 tot onpe^ejiiiTeaB no aaeMeHiaM nocae^Heli ctpokM} 
HeTpyj^HO noay^MTB caejO/Dmee BHoasceHiie: 
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VO 


JcCM'p) K ’-w'- 


k-H\ 


(mP) 


/J9/ 


'iiN 


TaKMM oopaoOM, npiixo^MM k peayjibTCiTy , nojiy'-iemioMy b puc^oxeCS). 

DtpvfKTWbiiocTb KOHGMHoro MMCJiQ nor;ioina]U!iiHX 
cxepjiCHeM B x'^yxrpynnoBOM pnccMOTpeuM 

B pHj^e cjiyMaeB .nByxrpynnoBoe pacaMOTpeHMe oxaBtiBaeTCH snaMii- 
xejiBHO ciojiee npaBWJiBHbiM no cpaBneHwio c oAHorpynnoBHM, Bo-nepsux, 
noTOMy, Mxo b aicxiiDHOM 30He paaicTopa H6 Bce HGiixpoHH hb^biiotch xen- 
JIOBHMH, BO-BiopHX, HOTOMy, Mio ;!.Byxrpy niioBoe paccMoxpeHSie nosBO- 
jiaeT paccMMTHBaTb DippeKXMBiiocxb nori/iomaioiniix cxepHHeM c/iOKHOii cxpyK- 
lypLi, Tax ecJiH dw mh paccMaxpwBajiM b ^Byx rpynnax cn;ioiiJHOM iior;io- 

maiOUiMii CXGpJKGHbj TO 6 TO 9 (|x.pGKTHBH 0 CTb OTlpG^GjlflJ'iaCb C^LI TOilbKO nOF” 
JIOmeHHGM T6n;i0BblX HGiiTpOHOB HO BHeUlHGW nOBGpXHOCTIl CXGpXHa . ECJIH 

le nor/ioinaiouiHii cxepKeHb co;iiepraT BHyxpH xopouHii 3 aMe;tJiMTeab, to 
G t^XpeKTHBHOCTb TUKOrC CXepJXHfl yBeJlHMMTCH HO cpaBHGHMlD C 3i|xpeKTMB- 
HOCTbio cnjiouiHoro aa cmgt 3aMe;^;ieHiifi hgjStpohob BHyipin cxepsHfl ;^o 
Ten;iOBbix oneprwii m nor;iomei-mH cxaBiuHX TenaoBHMW neMipoHOB na DHyx- 
peHHGld nOBGpXHOCTM CTep^HB. 

B ji,ByxrpynnoBOM paccMOxpeHMH yji,odHO ormchiBaTb p' Gnpeji;eJieKMe 
HGMxpoHOB no pcaKTopy c noMombK) noToxa nor;ioiiieHnfl ^ m noxoKa 
3aMe;i;^ieHHH ^ ^ , r.ne 


r=s, ^ 


T 


i 




s 


/20/ 


qp^ H ® - nOTOKH Ten/IOBbIX H Oucipux HeBTpOHOB COOTUelCTBeHHO. 

- ce^eHHe saxBaxa TenjiOBHX kgMtpohoBj'^^j^- 3aMe;^;iflK)]iiafl 
cnocodHOCTL, ip - BeponxHocTb MsdexaTb pesowaHCHoro saxBaxa, 

B ;iM(|x|)y3MOHHOK npiid^iMseHiiH (|jyHKUHii h 3^ y;^OBJieTBOpfl]0T 

CHGieMe ypaBHeHHti: 


Approved For Release 2009/08/31 : CIA-RDP88-00904R0001 001 30041-2 




Approved For Release 2009/08/31 : CIA-RDP88-00904R000100130041-2 


- 9 - 

1,^,1 

W M % - KBaj^pax 3iiJi m KBOjtpaT 3iJMG;t; auM^i, 

ypaBHeHMBMM /21/ C COOTBeiCTByiOmHMM nupaMeipaMM M T 

oniicuDaioTcji noroKM iieiiTpoHou kcik b npocTpancTBo Me:ay cTepKnUMii, 
xaK H BHyxpH cTep:icHeM. 

PaccMOTpwu noniomajoiJiHe cTepKUM b Biu^e UM^MiwpM^ecKoW ipyOu, 
CieHKM KOTOpOii HBJlfllOTCB "MepHUMH'* Ten^IOBUX H ripOSpaWHlIMM 
Ohicipwx HetiTpoHOB ; Biiyipn ipyCu cojxepKMTCfl xopouiuM sauejiM'^Qiih 
(HaripMMep^ Bo;^a). 

^ p2K~ BHyipeHHMfi H BHeUJHMii paWCW TpyCu k -ro CTepHHH, 
JUh peaKTOpa C laKMMM CTepHHBMM rpaHMiJHblMM M KpaeBHMil yc;iOBMfl- 
MM cjiyjicaT ycjioBMfi oOpauiGiiMH B ny^iB noTOKOB Ten;ioBiiix m Ohctphx 
HeiiipoHOB Ha BHcujHeii rpaHMue peaicTopa, oOpamenHH b uynh xen^ioBux 
noxoKOB Ha B^jeKTUBHoid rpaHMue Kas^oro cxepKHB h cmbkm no- 
TOKOB dUCXpHX HefixpOHOB M MX npOI13BO;j.HbIX HB CIGHKaX TpydU KaWFO 
CiepKHfl. 

B xex see KOop^HHaxax, hto m b npe^tbi^^yineii qacin, btm ycnodm 
uomo sanMcaib b BHj];e: 

I) Ha BiieiiiHeii rpaHHue peaicxopa b KOop;i;HHaiax %, 0 

( 

3'^(p,0)=o, 3'^(i^,e)=0 


2) Ha k -OM CTepHHe b Koopj^MHaiax 
a) lenjioBtix neMipoHOB 

r(p^^^<)=o, 


W onpe^ejiflexcH m 3 yono^^f 



C5) 


) - npoxaOy/mpoBaHHaH $yHKUHfl C 4 ), 
Oucipiix HeiixpoHOB 


;viMHa nepeHoca. 
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(^2,1 








npimew MH^eKC ”kct" othocmtch k ^ -wy cTepaciijo; noioKH m napawei- 
pu des TaKoro iiH,neKca oTHocJiTcn k npocxpaHCTBy wew cTepsHAMH. 

PeuieHMe cMCTeMH ypaBHeHMK /2I/ npocipaHCTBa we^^ty cxepxHa- 
m KaK M npM o;tHorpyrinoBOM paocMoxpeHMM HBAflexcH cyMMOii peryAap- 
HOii M neperyaapHoii MacieJi. 


i [a „ 1 „ («' %) + B J ^ («" -i,)] e 


1< m=-co 


/ 22 / 


ate- S 

ri.= -oo » -I 

+ S £ [c: d! /2V 

'W »v 1 -« /v\ 


1< tn--cD 


PeiueHHe BHyipw ]< -ro ciepM c yqexoM orpaHMqeHHocm b lo^Kax 
1% -7^1=0 HMeex BHji;: 

CO —I . , 


jV )=^; A7Ci„,«J^- \i )e“ 




/25/ 


fl=:-00 


w A , 6^ , 0^ , AH'"' - nOCTOAHHHe K 03 #imHeHTH, 1, 


. m ' -[u ' iw ' nu ' rxf y\ ' 

a “ ipyHKijHH BecceAH MHHMoro apryMeHxa-^'^ nepBoro a Bxoporo 


4>yHKiyiflx 1_ M K„ B apryweHTe ^o;^ oe HMeeTcfl b 

f /V 5 \ ’V IV 


( 'X } • 
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" 4 . * — 

poAa 'M -ro H tTi-ro nopfiAKa, cooTBOTCTByromne pa;iMa;ibHOii moctm pe- 
DieHMH H Oe" , a TQKXe M JB*' 0 npej^e;iBlUTC« M3B0CTHUyi! wx- 

rpynnoBUMM cooTuouieHiiHUii: 


■< 4. x/i/ liilVx 

'2 IS' Uxih) u“n; 


i l.*+t / 1 ^ 

* ““2 L^-t 


"Wco" i 

- 1 + TT X, 


/ 26 / 


2 /■ ‘ii 


5i.' = i+('3e'VOL* 

0"=l+(«' +9e^)L* 


nocTynafl kbr vl npn o;iHorpynnoBOM paccuoTpeHUH, i.e, npejicxaB- 
BHpaieHHfl flJifl m CHaMajia b KoopAHHaiax ,a 

saiew B KOopJ^HHaTax l^-\| j h acnojiBsyfl rpaHawHae h KpaeBHe 

yc/ioBMfl, nojiy^aeM o^HopoAHyi) cMCTeMy ypaBHeHHfi; 


I) Ha BHeniHea rpaHHue peaKiopa 


K ms-co 




/S7/ 


&,1,C*“P)+T< S i = 0 /28/ 

i< m=-oo 


a = 0 ; ± 4 ; ± 2 t • • • 


2) Ha rpaHHue ^iiKCHpoBaHHoro ? -ro cTepxHa: 


£. [ K'^ l;iC«'Pe )+ 


i.(tv-X)j 5 -e 


ar-CO 


'K„ ni 2 -a> 

k^e 

+ l)iC-0'"T<.-^(«'OU«"Pe)P “=0 


/ 29 / 


A = 0,ii,i2,± ,. . 
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M 3 4 tei!CTBMTe;ibH 0 CTM BWpOXeHMW ilOTOKOB B ypilUHCHIdilX / 22 /“/;^ 5 / 
c;ie4(yeT cfinsB MOK^y KOB(lx|}HUMoiiTQiiH: 


A,= HfA: 




D = 


Akcm __ * V era 
^-11 " 


/y^/ 


ypaBHeHMfl /27/-/3I/ BBilillOTCa OKOHWaTe/IbHOB CMCTOMOil jimhoBhux 
OAHO pOAHHX ypOBHeHMB OTHOCMT 0 ;iLHO POCTOflHHUX K 09 #i!UMeHT 0 B . TaX 
KaK M O^HOSHa'lHO CBBSaHU c k CO COOTHOUieHMBMM /26/, TO 
3 Ty cHCTeMy moxho paccMaipHBaTb Kax aaBMcainyi) tojibko ot o;iHoro 
napaMCTpa 'I <qq .OdpuBaa pa;iu b ypasHeHMax /27/-/3I/ Ha HexoiopoM 
Maeue h npxpaBHHBaa uyjii onpeAeaHieaB nojiykeuHoB cMcxeiiu ypasHe- 
HUfl, Haxoj^MM coOcTBeHHoe 3 HaMeHMed<jj^j , cooTBeTCTByiomee kphthm- 
BOOTH peaxTopa co ciepiBBiui. 


Pery;iHpywe C'xepxHH b MHorosoHUOu 
peaxTope 


ii3;ioseHHBii Buine HeT 04 ( pacMeia uoxei duiB odoomeH Ha cnyMafl) 
Kor^ia peaxTop coctoht h 3 HecxojiLEHx BHBHHj^pHwecxHx 30H, pasMqaD- 
mHXCfi CfiOHMH (|}H3HMeCKHMH CBOMCTBaMH, 

PaccMOTpHM, HanpHMep, AByxsoHHHfi peaxTop b o;tHorpynndBOM npHO- 
jaMseHMM. nycTB BHyipeaHsa 30Ha xapaxTepMsyeTca BeaH'iHHaiai h [Yl^^ 
H B HeH pacnoaoseHo cipesHeiti a BHeisHaa soHa - Be;iHMHuaiiaiK 2 ^ 

H ^2 c ^2 cxepsHeB, EcM Hanajio Koop^HHaT Haxo^iHTCfl bo BHyxpeH- 
Heit 30He, TO aHajiorn^Ho npe^Bi^Qr^euy moxho aanncaTB BupaxeHHB noio- 
KOB B 30BdX B BK^e: 


00 


cPA'^)=t: - 

n=-(X) 


rv 


><^=1 ms-oo 



OO -7 O ”2 

k2=^i m=-a3 ^ 


a=-co 
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>^ 2C30 ^ 

“iYi 7 “ 



Kpoue yc;iofiHfl hq oHejuiicH rpaiwue peeKTopa u ua noBepxHociu 
xawro cTepxKfl, Ha rpannue soh $ ciasHTCfl oduMHue ycjiOBHH: 

3)^cjia<icp,l^=])2 9«i£tcp^l^ . 

w 3^ H - K03(jM[lMUHeHTH XH#y3Ml!. 

IIpe;jcTaB;iaa BupaieHMa noiOKOB b aoHax b Koop;;HHaxax t/ , 0 , a 
aaieii b KOopAMHaiaxK-'^^J , h ;yifl BHyipeH- 

Heti H BHemBei! 3 ohu cooTBeicTBeHHO u McnoaBsya rpaHH^Hue h Epaesue 
ycaoBHfl TaK xe, KaK m npeawe, moxho noaymiTi) aHHefiHyi) o;iHopoAHyD 
CMCTeuy aaredpaMHecKHX ypaBHeHHK* 

Tax KaK'k^^ H 1<2^3aBHcaT ot n) -cpe;iHero hvlcji & HettipoHOB, 

BnaeraBOUix b axie ji^eaeHHH, to h uoxho cuMiaTB usBeciHofl 
(J)yHKiU!efl odmero napaweipa V , codciBeHHoe SHaMeHne KOToporo Ha- 
xo;iHTCfl H3 paseHCTBa ayai) onpe;iieaHTeaa cHcxeuu ypaBueniiii. OiaHMHe 
Hafi;;eHHoro laKMM odpasoM SHa^eHiiH ot >?pe2,46 ;iacT o#eKT 
jieSciBHH cxepxHeii. 


BecKOHeMHaa npaBHaBHaa penieTKa noraomaBinHx 
ciepxHefi 

PaccMoipMM B Ka^ecTse ^acTHoro caynaa OecKOHeMHyD npaBMabHyK 
pemeiKy oj^MHaKOBHX noraoma»mMX cTepsHeJi (pac. 3). riocKoabKy see 
cTepsHH HaxoaflTca b ootbeoblix ycaoBwax, j^ocTaxoMHo noexaBHTB rpa- 
ycaoBMfl loaBKO MR & -ro cxepKHfl. 

BupazeHHe jyia noiOKa b o^HorpynnoBou npHOawEeHHM BdaHSH B -ro 
cxepsHfl , rae O' - mar pemexKK cxepsHefi) b KOOp^Ha- 

lax CcM. BupaseHMe /9/ ) sanMCHBaeTca b 
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00 00 






m»“00 




k:^e 


ms“00 b=-oo 




Ec;im Hawa;io Koop^naT noMecTHTb b ueHip B-ro cTepacHfl, to 
npM BHOope HanpaBJieHHfl oTCHeia ynioB, yKasauHOM wa puc. 3, c;ie;iaB 
saMGHy 


i.= »„+sx;6„(-.rx.(M<.)e 


IKrv)^^^ 




mz-00 


nonyMiiM: 


^ I— _ 


npMMOM ri KpaiKO 6, 4 -hjih 3 reKcaroHa;ibHOii, KBa;tpaTHO0 h 
T peyro;ibHO0 peiueioK cooTBeTCTBOHiio, m m 8^^ aBJiaioTCfl ;teiiCTBii- 
Te/IBHHMM. K OTOMy BHpaKeHMlO nOTOKa npMMeHHM yCJIOBHeCJ^,l|)^) = 0^ 
a BMecTO ycjioBMfl na BHeuiHeM rpaaime, kbk (5li;io b kohomhow peaKTope, 
Mcno/;B3yeM ycjiOBue paBeHcxBa Hy;iD npoH3BO^[Hofi ot noTOKa no HopMajiH 
Ha rpanHi^e 9KBiiBa;ieHTH0H BweiiKM peuieiKM cxepsHeia. 

Haiido;iee npocio uosho npHdMKeHHO y'jecTB (|)opMy 3KBHBa;ieHTH0il 
flqeiiKH, ec;iH orpannnjiTLCfl b /34/ HyjieBHM h nepBHM wjieHaMM pasjiose- 
HHB, npH 3T0M HO rpaHHUG 3KBHBa;ieHTHOl5 BMeilKM yc;iOBHe paBeHCTBa 
Hy;iB npoi!3Bo;iHOH yAodHO saueHUTB yc^iosneM paBencTBa Hy;iio npoM 3 Bo;T-. 
HOM noTOKa B ;tByx TonKax (cm. phc. 3), b Koiopax mosho HcnojiBsoBan 
$H3H^ecKHe ycjiOBMH CMMueipnH. Hanpiii'iep, am reKcaroHa/iBHOli peuieiKid 
3T0 dy^yi ycJioBHfl; 
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M) 


2 ’ 6 


0 ( W)+ Y„ (/U'P) = 0 . 
A6l6C^F)+B,V,(ju,p) = 0. 






^U0>)lb 


knmovmme ypaBHOHn^ nony^vm \m wthx b.«ob npacMiHux 
peiueiOK* 

ypaBHeHMfl 735/ no3Bo;iaH)T naJiTH coOciBeHnoe sHaweHHe ciicieuH 
Bmb OMa HsxoMHa MeioyuiKa pucMeia bwbkmbhocth nor/ioiaiowx 
GxepstHeE B aKiHBHoii 30He peaKiopa c i<^>i, Oua no3Bo;ijieT lOKse 

PaaHBUBi B 3I0M paor 

HUB He OyAST. OTMW ewer aaoKwaiBCH jimt b tob- urfr 
ypaBHeHHB HeOdXO«,MO dy.ex BocceHH lei C B ’ 1 “ho 

ro apryt^eHia saMeimiB $yHK«Ha«H lieccenH MHHMoro apryMe.iia b Joir 

HeHHUx no 4!opi!yBau /3/ um /26/. ^ 


PssyjILTaTiJ HOKOTOpLIX paCMSTOB 


:H3iio«eHHOH Hexo^Hxe OHna pacoHHTana B^exTBBHociB norxo.a»- 
W ciepraeK B peaxiope o boahhhm saueflXHTejieM BHeiuHHM pawooM 

J . J^Q M . AK^BHas BgHa_ xapa_KKpM3ve BexHHUHaMH 
CM** -H es , 9 cir . 
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lIoooLiaiomMo cTepxHM (Tpydu m 3 dopMcToW cTQjiM, co;iopacainMe uHyi- 
pM BoAy) xaptiKTepM3yioTCH u;itviyioutMMM pasMcpauM: 

- 7, a CM p^c 7,56 CM 

5(lKji)eKTMBHocib pGry;iMpyiomMx oprtJioD 


BapH- Ni puc. i.ieTo^j; paccMOT- Dil)>peKTHHHOcTfc Ko3(|xiJnnMeiJT MHiep- 

QHT peiiMfl cMCTewLi cTepx- (IiepeHUMM v£. 

nek ^ 



B Tad;nme ;i.aHhi sclxi^eKTHbiiocTii ciep};;Heii, a Ha pKc. 4-10 npiiBe^e- 
HH paccwHTaHHHe iiSHTpoHHjbie no.'iH r^jiH pasHux oxen pacnojiojiSHMH nor- 
.'loiHGiOMiix CTep.iCH 8 ii B peaiCTope. Uth cxeMU yKasaHU Ha pMc. 2 , 3 . Kpn- 
Due HOpMHpOBaHbl TaK, HTOdBI HO/IHOe MHC;iO HeiiTpOHOB B pt'ilKTOpe CO 
CTepKHHMH M 063 CTepSCHGii dblJJO 04;H0 M to KG. 

pQcnpeAOJieHiiG Ho^iTpoHHoro noTOKa no pajiHycy peaiaopa j!j;aH 0 no 
^;ByM Hando;iee xapaiciepHtiM Hanpa3;ieHMBM ”1” h *'2*', Koiopue yKasafiti 
Ha Kaxc^^OM pMcyHKe. JlJin cpaDueniw nynKTupHoi! OTMeneHO pac- 

npe^^ejieHwe HefiipoHOB b pcaKTope des ciepxcHeii. 

Ha pHC. 4 npMBo;;BTCB pesyjiLTaxH o^iHorpynnoBoro m ;tByxr pyrin obo- 
ro pacGMOTpeHMfl cHCTeMH H3 ;rByx noriioinaiDimix CTepsHefi. (I - oiiina 
rpynna ; n - xen^ioBwe HeiixpoHu, ;TBe rpynriH; HI - dHcxpae homtpohh, 
ji,Be rpynna). 3 xot cjiyHafl Ohji paccMoxpeH npw pasMHHoH cxeneHM yqe- 
xa (pasjiMHHoe qiic;io rapwoHHK) yrjioBOii saBHCMMocxH HeJiTponHoro ijo- 
TOKa BOKpyr ciepisHeii. PacwexK noKaaa.m, hto ynex aaBucKMocTK nojia 
or yoa BOEpyr cxepsHeii npiiBO^^Hv k riaweiieHMio ofeeKXiiBHOcTii MOHBine 
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MGM Ha 1%. Pe3y;iBTaTH pacMeia no ojuioil m ^jjyu rpyrmaw noicaauDajoT, 
MTo To;icTux(9 nor;ioinaK)i4Mx cxepaHefl, coj^epaamux BO^y, 
Q(ixl)eKTMBHocTi), paccwMiaHnaB no ;;ByM rpynnaM, MoaeT duTi> o;^Ho^o 
nopfl^yca c ocMieKTMBHocxbio, paccwMiaiuioil no o^^noii rpynne. TaKMM oc5pa • 
30M laKMx cTepuniefl mohho ^tejiaxt npe;;BapMTe;ii»HHe oughkh no 
Oojiee npocxoM o;^HorpynnoBOii wexo^iiiKe. IleWTpoHHtie noxoKH, paccMMtaH- 
Hue no o;^HOii m ;tByM rpynnaM, cm/ibho pas/iMnaioxcB to;ibko b(5;im3H 
cxepacHeK (pnc. 4). 


Ha pnc. 5-10 ;taHH pesyjiBxaxu pacMeia no;ieH b o^HorpynnoBOM poc- 
CMOxpeHMM. HecMOTpa na to, mto noryiomaiomMe cTepacHM ;tOBOJiBHO To;ic- 
Tue(-^ ^ 0,05), ywoT saBMCMMocxn no;in ox yrjia BOKpyr ciepxHeU 

BO Bcex paccMoxpeHHHX cjiywanx npn cuMMexpnqHOM pacno;iOMeHHM cTepa- 
Heii MSMenn;! 3#eKTiiBH0CTB MenBuie tiew na 

Ko9(|xpMnHeHX iiHTep4)epeHnHM cxepKHeii, onpe;^ejifleMHfl xaK 

^ 

U< •' 

MoieT cymecxBeHHo oTXHMaTBCH oT OTcio;^a BOSHMKaei neodxo- 

;yiMOCTB peuieHHfl nojiHoii aa^ani! o6 o^eKXMBHOCXH HecKo;iBKHx cxepxHea,, 
He orpaHHmiBaBCB onenKoii 9(|x|)eKTHBHocTM o^tHoro ciepsHfl, 

Ha PMC, 4-10 bm;;ho, ^xo HaximHe nor/iomaioiHHx cx^pinea b aKXMB- 
H0« 30He OMBHO HCKaataei $opuy HefiipoHHoro noioKa. 3io sasHO saari, 

WTodH npasH^bHO yqHiHBaib HepaBHOMepHOoit no;ifl lenjioBRnejieHiifl b 
peaKTope. 

OaCHKa BejHqHHH IS^qjeKIHBHOCIH ciepxHeii M HCKaaeHHii, Koiopue 
OHH BHOflST B pacnpeflejieHHe noiOKa HeaipoHos, no3Bo;iaeT aeBaiB 

peKOuemauHH no BHOopy CHcieMU pery^HposaHHA, npo^HBupoBaHHB pac- 
XO;ia BO^JBI B aKXHBHOil 30He M T,; 5 . 
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JlMTepaiypa 

1, SapeuKMJt O^mHuoB WeicxMBHue rpauMMHue ycJioDHH mu 

"cepux” Te;i. (JIoiuiqau ooBexcKoJl ne;ieramiM Ha MewHapoAHoM 
KOH(i)epeHUMM no MwpHOuy Mcno/tBsoBaHHio axoMHofl OHeprwM.JiteHeDa, 
1955 r.) 

2, JIe(3e;^eB H.H, Cneima;iBHK0 ^yuKUiiH h hx npH;ioxeHM, 1953 r. § 5 .12 

exp. 176 

3, Zeitachrift fUr Naturforschung, 1957, Band 12a, Heft 5, 0*368 

4, ra;iaHHH A.Jl. Teopwa ajiepHux peaKiopoB na Ten;iOBHX HeBxpoHax, 

1957 r. § 31 cip. 227 
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PMC.l, 

A - i^eHTp axTHBHoa soHti; B - ocb K-ro ciepacHa; C lOMica HadJi 2 >- 
fleHHfl; 0 - Ha'iaao oTcyeia 0 h yroa oi 

Bu^jeaeHHoro H^paBaemia Q ;^o ^ - yroa ot Bu;ieaeHHoro 

HanpaBaeHHa Q HanpaBJieHMfl ot ^ -ro CTepsHa Ha 'Jc-thK 

yraH H — nocTOflHHfcie, ohm aaBHcai roatKo ot pacnoaoiceHiia 
cTepsHea. 

yraH OTcwMTtiBaioTca ot 0 npoiHB nacoBofi CTpeaKa, pac— 

CToaHMe Mew CTepKHaMH ? h /fc . ^ 
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